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• The LHC is in full swing

• Expecting >150 fb-1 (run1+2)
                      >300 fb-1 (run1+2+3)

• Impressive results by   
  experimental collaborations

• Challenge in the years to come:
     Precision and subtle effects

     Leave no stone unturned.

• Top quark physics is one of the 
   most prominent places to search
   for New Physics  1/13



  

Part 1:  State-of-the-Art

Part 2: Physics Impact on SM and BSM
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NNLO QCD + NLO electroweak corrections
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NNLO QCD + NLO electroweak corrections

First NNLO QCD correction:
  [Czakon,Fiedler,Mitov] (2013)

First NLO weak corrections:
  [Beenakker,Denner,Hollik,
    Mertig,Sack,Wackeroth] (1993)
  [Kühn,Scharf,Uwer] (2007)
  [Bernreuther,Fucker,Si] (2008)

Uncertainties

scale ± 3%

pdf ± 2%

alpha_s ± 1%

m_top ± 3%

electroweak ± 2% 
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NNLO QCD + NLO electroweak corrections

• Electroweak Sudakov suppression: -20% at pT=2 TeV

• Photon initial states: Very small contribution
• Real emission of Z/W-Bosons: only ~ +3% at large p

T

First NNLO QCD correction:
  [Czakon,Fiedler,Mitov] (2013)

First NLO weak corrections:
  [Beenakker,Denner,Hollik,
    Mertig,Sack,Wackeroth] (1993)
  [Kühn,Scharf,Uwer] (2007)
  [Bernreuther,Fucker,Si] (2008)
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Towards NNLO QCD with top quark decays

• Includes NNLO decay through spin-correlated 

   Narrow-Width-Approximation

• Approximate NNLO production correction

   from SCET-based soft-gluon resummation 
  [Ahrens,Ferroglia,Neubert,Pecjak,Yang] (2010)
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Towards NNLO QCD with top quark decays

• Numerical interpolation grid  

   with thresh. and HE-expansion

• Full spin and color information

• Provides spin-density matrix
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Single top quark production + decay at NNLO QCD

First NNLO production calculation:
  [Brucherseifer, Caola, Melnikov] (2014)

First NNLO top decay calculation:
  [Gao,Li,Zhu] (2012)
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Single top quark production + decay at NNLO QCD

First NNLO production calculation:
  [Brucherseifer, Caola, Melnikov] (2014)

First NNLO top decay calculation:
  [Gao,Li,Zhu] (2012)

• First fully differential calculation for top quarks with 

  production and decay at NNLO QCD
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Resummation
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Resummation

• Note: Boosted-soft resummation is the 
  small-mass limit of soft gluon resummation

 6/13



  

Resummation

• Note: Boosted-soft resummation is the 
  small-mass limit of soft gluon resummation

 6/13

(May 2018)

(June 2018)



  

Resummation

• Note: Boosted-soft resummation is the 
  small-mass limit of soft gluon resummation

 6/13

(May 2018)

(June 2018)

(May 2018)



  

Resummation

Resummation for            : 

[Kulesza, Motyka, Stebel, Theeuwes] (2017)
[Broggio, Ferroglia, Fiolhais, Onofre] (2017)

[Kulesza, Motyka, Schwartländer, Stebel, Theeuwes] (2017)
[Broggio, Ferroglia, Ossola, Pecjak] (2016)

[Broggio, Ferroglia, Ossola, Pecjak, Samshima] (2017)

• Note: Boosted-soft resummation is the 
  small-mass limit of soft gluon resummation
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Off-shell calculations

• extends previous off-shell calculations through L+J channel
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Top quark mass
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Top-Higgs coupling 

(Apr 2018)
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Top-Higgs coupling 

• Cubic Higgs coupling

• 14 TeV HL (3000/fb) scenario



  

LHC

HL-LHC
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Electroweak top quark couplings
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Electroweak top quark couplings



  

Community effort: Setting Standards
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SUMMARY

• Incredible progress on all fronts: LHC, detector experiments & theory

• Top quark physics is particularly thriving  
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• State-of-the-art OR near future:

   single top, ttbar: NNLO QCD+ NLO EW in production and decay (NWA)

   single top, ttbar, ttbar+X: NLO with off-shell effects

   single top, ttbar, ttbar+X:  NLO beyond SM, 

                                                 Exploration of on-shell vs. loop sensitivity
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• Incredible progress on all fronts: LHC, detector experiments & theory

• Top quark physics is particularly thriving  

• State-of-the-art OR near future:

   single top, ttbar: NNLO QCD+ NLO EW in production and decay (NWA)

   single top, ttbar, ttbar+X: NLO with off-shell effects

   single top, ttbar, ttbar+X:  NLO beyond SM, 

                                                 Exploration of on-shell vs. loop sensitivity

• Future challenges:

   Exp. uncertainties often smaller than theor. systematics, already now

   Improving  precision on ttbar below 5% precision   

   NNLO for ttbar+X: 2-loop and 1-loop-real corrections

   
13/13
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